
SCIENTIF IC INVESTIGATIONS

Differences in sleep measures and waking electroencephalography of patients
with insomnia according to age and sex
Jung Kyung Hong, MD1,2; Hyuk Joo Lee, MD3; Seockhoon Chung, MD, PhD4; In-Young Yoon, MD, PhD1,2

1Department of Psychiatry, Seoul National University Bundang Hospital, Seongnam, Korea; 2Seoul National University College of Medicine, Seoul, Korea; 3Department of Psychiatry,
Ulsan University Hospital, Ulsan, Korea; 4Department of Psychiatry, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea

Study Objectives: Sleep characteristics are known to be different according to age and sex. The objective of this study was to investigate differences in sleep
parameters and quantitative electroencephalography of patients with insomnia according to age and sex.
Methods: Patients with insomnia disorder ages 40–79 years were recruited. Each participant was assessed with the Pittsburgh Sleep Quality Index, 4-day wrist
actigraphy, and quantitative electroencephalography derived from a 64-channel electroencephalogram system. These variables were compared between
age groups (40–64 years vs 65–79 years) and sexes.
Results:Among 173 participants, 61 (35%)were ages 65–79 years and 64 (35%)weremales. The older group reported shorter (P =.009) total sleep time than the
middle-aged group based on the Pittsburgh Sleep Quality Index, while women slept longer than men based on actigraphy (P = .040). Regarding
electroencephalography, women had higher relative beta power than men (P = .006). Older patients showed slower dominant occipital frequency than younger
patients (P =.008). The age effect was more noticeable on both clinical variables and quantitative electroencephalography for women. Compared with younger
women, older women reported shorter total sleep time in the Pittsburgh Sleep Quality Index (P = .025), underestimated their sleep time (Pittsburgh Sleep Quality
Index total sleep time/actigraphic total sleep time, P = .034), and showed reduced alpha power in the frontal area (P = .009).
Conclusions:Clinicians should be aware of the age and sex difference onmanifestation of insomnia, whichmay further impact an individual’s behaviors, such as
staying in bed for a longer time or seeking sleep aids.
Keywords: actigraphy, age, electroencephalography, insomnia disorder, sex
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Insomnia disorder, characterized by hyperarousal, is more prevalent in women than in men, and sleep disturbance
increases with age. Age and sex differences of clinical manifestation and neurophysiologic changes in insomnia disorder have been hypothesized, but not
thoroughly investigated.
Study Impact: Our data showed that women with insomnia were not specifically more vulnerable to objective sleep disturbances but were more prone to
a self-reported sense of sleep disturbances. The brain activity examined by electroencephalography showed a sex difference in insomnia. Women’s
predisposition to hyperarousalmay lead to a higher incidence of insomnia and their greater engagement in compensatory behaviors. There were age-related
phenomena as well, particularly affecting older women.

INTRODUCTION

Manifestation and impact of sleep and its disturbances differ
with age and sex.A number of studies, includingmeta-analyses,
have consistently shown that total sleep time (TST), sleep
efficiency, and percentage of slow-wave sleep are decreased,
while sleep latency and wake after sleep onset (WASO) are
increased with age.1,2 The nature of sleep also differs between
men and women. In general, women report poorer sleep qual-
ity, longer sleep onset latency, frequent night awakenings, and
longer time awake after sleep onset compared with men.3,4

However, objective data by polysomnography and actig-
raphy show that women have better sleep with longer TST
and a greater percentage of slow-wave sleep than age-
matched men.1 Aging effects and sex differences in normal

sleep might underlie differences in risks and characteristics of
sleep disorders.

Insomnia disorder, characterized by significant complaint of
dissatisfaction with sleep quality or quantity, is one of the most
prevalent sleep disorders. According to several epidemiologic
studies, sleep disturbances increase with age, and female pre-
dominance in the prevalence of insomnia has been consistently
reported.5–8 Further, use of sleep aid is also higher in women
than men and increases with age.9–11 Therefore, age and sex
differences might exist in the pathophysiology of insomnia, its
clinical manifestations, and attitude and tolerance of patients to
insomnia. However, studies investigating age and sex differ-
ences in manifestations of insomnia disorder are limited. Pillai
et al12 have found that difficulties in sleep induction are more
common in younger adults, while sleepmaintenance is themost
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frequently reported problem in middle-aged and older adults.
Another study on older adults with insomnia has also con-
firmed the difficulty of sleep maintenance as the most prevalent
symptom among older patients.13 In addition, older women
tend to experience more difficulty initiating sleep and have
multiple insomnia symptoms than older men, indicating that
there are also sex differences of insomnia.13

Differences in electroencephalography (EEG) according to
age and sex are also expected in insomnia since hyperarousal is
a key feature of insomnia evidenced by EEG activity.14,15 In
general, patients with insomnia have elevated levels of high-
frequency and reduced slow-frequency EEG activity during
sleep onset period and sleep time, opposite to those of normal
sleepers.16–20 Moreover, increased power of high-frequency EEG
activity during sleep has been observed to be more prominent in
women than inmenwith insomnia, suggesting sex differences.21,22

Evaluating patients with insomnia during wake has become
increasingly important as fatigue and impaired function during
daytime cause great distress to patients with insomnia. Studies
of daytime EEG in insomnia have also revealed increased
high-frequency power, indicating that hyperarousal is not limited
to night sleep.23,24

To the best of our knowledge, age and sex differences in
clinical manifestations of insomnia and associated neuro-
physiologic findings using resting-state EEG have not been
reported. Thus, the objective of this study was to determine
differences in sleep parameters (self-reported and objective)
and neurophysiologic findings (based on EEG) of patients
with insomnia according to age (middle-aged vs older adults)
and sex (male vs female). The possible interaction between
age and sex was also examined for both clinical and EEG
parameters. We hypothesized that (1) older patients might
experience a more severe degree of insomnia symptoms
comparedwith their younger counterparts, (2) female patients
tend to overestimate their insomnia symptoms, and (3) both
age and sex difference might be attributed to their differ-
ent brain activity, probably associated with hyperarousal or
regional dysfunction.

METHODS

Participants
A total of 173 patients with chronic insomnia disorder who visited
Seoul National University BundangHospital fromSeptember 2017
to December 2019 were enrolled for this study. Inclusion cri-
teria were as follows: (1) individuals aged 40 to 80 years,
(2) those who were diagnosed with insomnia disorder based on
theDiagnostic andStatisticalManual ofMentalDisorders,fifth
edition, and (3) those who had not undergone any treatment for
insomnia including medication and cognitive-behavioral
therapy for 1 year. Patients with major mental illness (eg,
schizophrenia, bipolar disorder, severe major depressive disorder
with significant suicidal ideation, and other types of psychotic
disorders), significant medical or neurologic conditions, or other
sleep disorders (eg, sleep apnea, restless legs syndrome, and
periodic limb movement disorder) were excluded. All partic-
ipants underwent an interview with psychiatrists to confirm

their diagnoses and polysomnography to detect and exclude
sleep apnea (apnea-hypopnea index ≥ 15 events/h) and other
sleep disorders. Patients were divided into a middle-aged group
(< 65 years old) and an older adult group (≥ 65 years old) to
compare sleep characteristics by age. All participants were
informed of the purpose and procedures of this study. They
provided written informed consent before participating in this
study. This study was approved by the Institutional Review
Board of Seoul National University Bundang Hospital (IRB
no. E-1705-396-001).

Questionnaires
Sleep questionnaires included the Insomnia Severity Index for
insomnia severity, the Pittsburgh Sleep Quality Index (PSQI)
for sleep quality, and the Epworth Sleepiness Scale for daytime
sleepiness. Anxiety and depressionwere also assessed using the
Beck Depression Inventory II and the Beck Anxiety Inventory.
To assess how participants perceived their habitual sleep, sleep
parameters derived from the PSQI were used. Participants re-
ported their usual bedtime and rise time, fromwhich time in bed
(TIB) was calculated. Sleep onset latency and TST were also
reported. Sleep efficiency (SE) was calculated by dividing TST
by TIB.

Actigraphy
Participants were required to wear a triaxial accelerometer
(wGT3x-BT; ActiGraph LLC, Pensacola, FL) on their non-
dominant wrist for 4 consecutive days. Only data from par-
ticipantswhose compliance rates exceeded 75% (at least 3 out of
4 nights) were used for analysis. During the period of acti-
graphic recordings, individuals kept a daily sleep diary of
bedtime and rise time. The wGT3x-BT estimated sleep–wake
status by capturing and recording physical activity. The Cole-
Kripke algorithm was adopted to calculate the following 4
sleep parameters (TST, sleep onset latency, SE, and WASO)
using ActiLife 6 software (ActiGraph LLC). All parameters
were calculated as daily averages for each participant. To assess
the congruence between self-perceived habitual sleep time
and actigraphy-measured sleep time, the ratio of sleep time
(dividing PSQI-derived TST by actigraphic TST) was cal-
culated as described previously.25 By using ratio scores that
combined TST from 2 different assessments, the degree of sleep
time misperception, either under- or overperception of sleep,
was identified.

Quantitative EEG
Waking EEG was recorded in a sitting position for 15 minutes.
Participants were instructed to close their eyes and relax but to
stay awake. Electrodes were placed according to the extended
international 10–20 system. EEG signals were amplified and
digitalized with a 64-channel Neuroscan Synamps (Compumedics,
Charlotte, NC) at a sampling rate of 1 kHz. EEG data were
processed using Neuroguide (NeuroGuide; Applied Neuro-
science, Inc., St. Petersburg, FL).A high-passfilterwas set to be
100 Hz, with a low-pass filter set to be 0.3 Hz. Each electroen-
cephalogram was visually inspected to exclude artifacts caused
by muscle activity, small body movements, eyelid movements,
and microsleep. An artifact-free 90-second EEG recording was
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selected. Spectral analysis was then performed with fast Fourier
transform to compute absolute and relative power values of 4
bands (delta: 1.0–4.0Hz; theta: 4.0–8.0Hz; alpha: 8.0–12.0Hz;
and beta: 12.0–25.0 Hz). Relative power values (percentages of
power of each band in total power) were used in this study to
minimize interindividual variance and facilitate comparisons by
age and sex. Electrodes were grouped into 5 cerebral regions:
frontal (FP1, FP2, F3, F4, F7, andF8), temporal (T3, T4,T5, and
T6), central (C3 andC4), parietal (P3 and P4), and occipital (O1
and O2). Relative power was calculated as the mean value for
each region. Dominant occipital frequency (DOF) was com-
puted by averaging the peak frequency of 2 occipital electrodes.

Statistical analysis
Comparisons of demographics, clinical variables, and EEG
power by age and sex were performed using independent t
test or χ2 test. To compare variables with covariates adjusted,
analysis of covariance was performed. Two-way analysis of
covariance was also conducted to test group by sex interaction
effects. Between-group comparisons of regional distribution
in each EEG band were performed using a generalized esti-
mating equation.26 All significance tests were 2-sided and
P values < .05 were considered statistically significant. IBM
SPSS Statistics for Windows, version 25 (IBMCorp., Armonk,
NY) was used for all statistical analyses.

RESULTS

Among 173 patients with insomnia disorder, 64 (35.3%) were
males and 61 (35.3%) were ages 65 years or older. According to
polysomnography, their mean TST, sleep onset latency, SE,
WASO, and apnea-hypopnea indexwere 352.54 ± 57.51 minutes,
26.49±30.65minutes, 72.51%±12.75%,106.42±53.07minutes,
and 5.34 ± 4.35 events/h, respectively. After excluding 16
patients who failed to wear the actigraph for at least 3 days,
valid actigraphic data were collected from 157 (90.8%) patients,
yielding a total of 621 nights.

Clinical sleep parameters
Table 1 showsdemographic and clinical data of the 2 age groups
with sex adjusted as a covariate. The mean PSQI total score was
higher in the older adult group than that in the middle-aged
group (middle-aged vs older adults: 11.85 ± 2.75 vs 12.74 ±
2.43; P = .022). Older adult patients reported significantly
shorter TST (middle-aged vs older adults: 253.53 ± 70.18
minutes vs 219.85 ± 77.79 minutes; P = .008) and lower SE
(middle-aged vs older adults: 67.71% ± 20.99% vs 59.01 ±
20.94%; P = .009) in the PSQI. A similar tendency of older
patients having more disturbed sleep was observed in actig-
raphy as well (TST, SE, WASO). However, none of the vari-
ables reached statistical significance.

Table 1—Comparison of demographic and clinical data between age groups.

Middle-Aged (n = 112) Older Adult (n = 61) P

Age, y 54.74 (6.63) 69.69 (4.00) < .001***

Male, n (%) 35 (31.3) 29 (47.5) .034*

BMI, kg/m2 22.73 (2.64) 22.70 (2.49) .944

Questionnaire

PSQI, score 11.85 (2.75) 12.74 (2.43) .022*

TIB, min 391.61 (99.89) 387.70 (104.49) .976

TST, min 253.53 (70.18) 219.84 (77.79) .008**

SE, % 67.71 (20.99) 59.01 (20.94) .009**

SOL, min 74.25 (59.10) 83.03 (59.08) .230

ISI, score 18.20 (5.42) 18.05 (4.67) .807

ESS, score 8.43 (5.11) 7.20 (4.87) .123

BDI-II, score 14.83 (8.39) 17.89 (10.58) .055

BAI, score 11.25 (8.66) 12.54 (10.46) .330

Actigraphy (n = 157) (n = 101) (n = 56)

TIB, min 419.39 (79.96) 408.35 (85.32) .621

TST, min 344.07 (65.68) 325.04 (73.40) .185

SE, % 82.47 (7.96) 79.71 (8.53) .063

SOL, min 6.06 (7.81) 5.89 (5.89) .838

WASO, min 69.26 (38.15) 77.42 (39.17) .185

Ratio of TST, % 75.95 (23.08) 71.70 (32.35) .293

Pearson’s χ2 test was performed for differences between categorical variables and ANCOVA was used for differences between means. Sex was adjusted as a
covariate. Data are presented asmean (standard deviation) unless otherwise indicated. *P <.05, **P <.01, ***P <.001. ANCOVA = analysis of covariance, BMI =
bodymass index, BAI = Beck Anxiety Inventory, BDI-II = Beck Depression Inventory II, ESS =Epworth Sleepiness Scale, ISI = Insomnia Severity Index, PSQI =
Pittsburgh Sleep Quality Index, SE = sleep efficiency, SOL = sleep onset latency, TIB = time in bed, TST = total sleep time, WASO = wake after sleep onset.
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There was no significant sex difference in the self-reported
questionnaires regarding sleep, anxiety, ormood. In actigraphy,
males with insomnia showed shorter TST than females (male
vs female: 320.28 ± 79.82 minutes vs 346.97 ± 60.14 minutes;
P = .040). The difference in other actigraphic parameters
or the ratio of TST was not significant between males and
females (Table 2).

There was no significant age group by sex interaction in self-
reported sleep parameters, objective sleep parameters, or the
ratio of TST. In subgroup analyses, age effect was only sig-
nificant inwomenbut not inmen (Table 3). The aforementioned
age group difference, the shorter PSQI TST in the older adult
group compared with the middle-aged group, remained sig-
nificant in the female group (P = .025). In addition, older adult
women showed a lower ratio of TST (P = .034) and poorer
actigraphic SE (P = .043) than middle-aged women. On the
other hand, the sex difference was observed in both age groups.
Women stayed in bed for a longer time than men in the older
adult group (sleep diary TIB, P = .017) and in the middle-aged
group (PSQI TIB, P = .032).

Quantitative EEG
EEG data were obtained from 170 (98%) participants. Results
showed significant age group by region interaction in the rel-
ative power of the theta band (χ2 = 10.02, P = .040). In posthoc
analyses, we could not find a significant group difference of
the theta band in a specific brain region. For other bands, there

was no significant interaction or main group effect. Regarding
the DOF, the older adult group showed a slower DOF than the
middle-aged group (middle-aged vs older adults: 9.51 ± 0.38 vs
9.33 ± 0.41; P = .008).

Sex by region interaction was found to be significant in the
delta (χ2 = 13.93, P = .008), theta (χ2 = 12.13, P = .016), and
beta (χ2 = 14.88, P = .005) bands. In the beta band, the main
sex effect was also significant (χ2 = 7.41, P = .006). The female
group showed higher beta power in all 5 brain regions
(frontal, P= .014; temporal,P= .049; central,P= .001; parietal,
P = .012; occipital, P = .047) (Figure 1). For relative delta
and theta power, there was no sex difference in a specific
region. There was no significant difference in the DOF be-
tween sexes (P = .248).

The age group by sex interaction on EEG was also exam-
ined and was observed to be significant in the delta (χ2 =
405.01, F = 4.66, P = .032) and alpha (χ2 = 1022.34, F = 4.02,
P = .047) bands in the frontal area (Figure 2). As shown in
Figure 2, the age effect differed between men and women
regarding the frontal delta and alpha power. In posthoc analysis,
there was a significant decrease of frontal alpha power in older
women compared with younger women (P = .009), whereas no
significant difference was observed between younger and older
men. The delta power did not significantly differ between age
groups in both sexes. For the DOF, there was no significant
interaction between age group and sex. The age effect, slowed
DOF observed in the older adult group compared with their

Table 2—Comparison of demographic and clinical data between sexes.

Males (n = 64) Females (n = 109) P

Age, y 61.80 (9.63) 58.96 (8.87) .051

BMI, kg/m2 23.35 (2.67) 22.35 (2.46) .014*

Questionnaire

PSQI, score 11.91 (2.60) 12.31 (2.70) .156

TIB, min 373.28 (92.18) 400.19 (105.35) .073

TST, min 230.39 (75.28) 248.26 (73.58) .305

SE, % 64.63 (23.10) 64.65 (20.32) .565

SOL, min 67.49 (58.18) 82.99 (59.09) .095

ISI, score 18.34 (5.20) 18.03 (5.15) .771

ESS, score 7.97 (5.29) 8.01 (4.92) .885

BDI-II, score 16.89 (10.75) 15.53 (8.35) .372

BAI, score 11.16 (11.53) 12.03 (7.78) .618

Actigraphy (n = 157) (n = 57) (n = 100)

TIB, min 397.54 (89.63) 425.65 (75.58) .053

TST, min 320.28 (79.82) 346.97 (60.14) .040*

SE, % 80.54 (8.78) 82.02 (7.92) .464

SOL, min 6.27 (8.31) 5.85 (6.47) .639

WASO, min 70.99 (35.87) 72.84 (40.22) .567

Ratio of TST, % 76.04 (33.48) 73.52 (22.12) .433

Pearson’s χ2 test was used for differences between categorical variables and ANCOVA was performed for differences between means. Age was adjusted as a
covariate. Data are presented asmean (standard deviation). *P <.05. ANCOVA = analysis of covariance, BMI = bodymass index, BAI = Beck Anxiety Inventory,
BDI-II = Beck Depression Inventory II, ESS = Epworth Sleepiness Scale, ISI = Insomnia Severity Index, PSQI = Pittsburgh Sleep Quality Index, SE = sleep
efficiency, SOL = sleep onset latency, TIB = time in bed, TST = total sleep time, WASO = wake after sleep onset.
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younger counterparts, was statistically significant in women
(P = .013) but not in men (P = .226) in subgroup analyses.

DISCUSSION

This study investigated age, sex, and their interactive effects on
clinical sleep parameters and resting-state quantitative EEG in
patients with insomnia disorder. Women with insomnia had a

longer sleep time by actigraph than men, and in the older adult
group women stayed in bed for a longer time than men. Re-
garding age effects, older adults with insomnia generally had
poorer sleep compared with middle-aged adults. Especially
older women reported shorter perceived sleep time with more
self-reported and objective discrepancy compared with their
younger counterparts. In the quantitative EEG analysis, women
had higher beta power than men, and DOF was slower in the
older adult group compared with the middle-aged groups. In

Figure 1—(A–D) Comparison of electroencephalographic spectral power between sex groups.

Vertical bars represent standard errors. *P < .05, **P < .01.

Table 3—Subgroup analyses of sleep parameters in men and women.

Males Females P

Middle-Aged
(n = 31)

Older Adult
(n = 26) P Middle-Aged

(n = 70)
Older Adult
(n = 30) P Middle-Aged

Males vs Females
Older Adult

Males vs Females

TIB

PSQI, min 363.88 (97.63) 378.08 (87.91) .570 409.72 (97.43) 401.66 (119.60) .725 .032* .410

Sleep-log, min 412.74 (84.12) 379.42 (94.21) .164 422.33 (78.50) 433.42 (68.94) .504 .581 .017*

Ratio (PSQI:sleep-log), % 91.57 (30.78) 111.67 (77.00) .301 98.11 (20.09) 92.96 (23.31) .266 .207 .210

TST

PSQI, min 235.65 (62.11) 214.62 (88.87) .299 261.00 (72.11) 225.00 (72.53) .025* .093 .632

Actigraphy, min 333.51 (73.50) 304.51 (85.52) .174 348.74 (61.89) 342.83 (56.64) .655 .285 .050

Ratio (PSQI:actigraphy), % 74.55 (26.58) 77.82 (40.71) .727 76.57 (21.53) 66.39 (22.20) .034* .687 .210

Sleep efficiency

PSQI, % 68.17 (21.44) 59.55 (25.66) .173 66.48 (20.52) 58.19 (18.36) .059 .709 .819

Actigraphy, % 81.10 (8.59) 79.87 (9.12) .601 83.07 (7.65) 79.57 (8.14) .043* .253 .900

Ratio (PSQI:actigraphy), % 85.66 (29.45) 76.86 (39.58) .341 80.68 (26.44) 73.44 (22.39) .193 .401 .699

Student’s t test and Mann-Whitney U test were used for differences between means. Data are presented as mean (standard deviation). *P < .05. PSQI =
Pittsburgh Sleep Quality Index, TIB = time in bed, TST = total sleep time. Sleep-log refers to the daily sleep diary accompanying actigraphy.
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addition, interaction between age and sex was significant for
frontal alpha and delta power, revealing different age effect on
EEG activity in men and women.

First, this study examined the age and sex effects on in-
somnia. Our result of older patients having more disturbed
sleep than middle-aged patients is in line with the previous
studies in the general population. Older adults are known to
have decreased TST and SE and increased WASO compared
with younger adults.1,27 Although the actigraphic results did
not reach statistical significance, there was a trend of expected
direction with older patients showing shorter TST, lower SE,
and longer WASO than younger patients. Meanwhile, women
reported their sleep tobe as poor asmen’s sleepdespitewomen’s
longer sleep time by actigraphy, which is similar to what is
known in the general population that women self-report more
impaired sleep while objective sleep is less fragmented and
longer than in men.1,28–30

We failed to find a significant age by sex interaction on
clinical parameters. Nevertheless, there were notable find-
ings from subgroup analyses. Based on the findings that older
patients showed more disturbed sleep and women tended to
underestimate their sleep, older women might be the most
susceptible group to insomnia. Older women with insomnia
did show more impaired actigraphic SE and shorter PSQI
TST compared with younger women. Interestingly, the ratio
of TST was much lower in the older female group; PSQI sleep
time reported by older women was 66.4% of their actigraphic
sleep time, which was much less than the 76.6% reported by
middle-aged women. Older females with insomnia might be
particularly prone to interpret their sleep as poor. In addition,
we found that older women with insomnia spent significantly
more TIB than older men, with a mean TIB of 433 minutes for
older women and 379 minutes for older men. Such lengthened
TIB for older females might be an intentional attempt to restore
sleep duration or a secondary consequence of sleep depriva-
tion. This unique behavioral adaptation of older women might
result from their greater awareness of insomnia symptoms or
less tolerance of sleep deficit. Ironically, as TIB lengthens,
not only TST, but also WASO, increases proportionately or
disproportionately. An increased WASO accompanying a
lengthened TIB may degrade sleep quality and cause more

dissatisfaction of sleep regardless of the preserved total amount
of sleep. Therefore, reducing TIB, one of the key pillars of
cognitive-behavioral therapy for insomnia, might be particu-
larly beneficial for older female patients with insomnia, who
are more likely to have lengthened TIB.

In addition, the difference in brain activity in insomnia
according to age and sex was investigated. In the present
study, women with insomnia showed higher beta power in
the whole brain area than men. Increased EEG power of high
frequency has been taken as an indicator of cortical arousal in
insomnia.31 Furthermore, a positive correlation between height-
ened beta power and hyperarousal was reported.23 Taken to-
gether, the finding that women showed higher beta power than
men may suggest a predisposition to hyperarousal in women
compared with men. This is consistent with a previous func-
tional magnetic resonance imaging study in insomnia revealing
more brain dysfunction areas in women than in men, which was
interpreted in relation to stronger hyperarousal.32

Between the age groups, the DOF was significantly slower
in the older adult group than in the middle-aged group. EEG
slowing is known to be associated with aging and, more im-
portant, impairedworkingmemory and cognitive performance.33

It is usually observed in neurodegenerative disorders34,35 but
is also reported in various states of impaired cognition in-
cluding cancer-related fatigue,36 burnout syndrome,37 and
depression.38 Patients with insomnia disorder may show an
impaired working memory and executive function compared
with good sleepers,39 the degree of which correlates with the
self-reported severity of insomnia symptoms.40 The slower
DOF in older patients with insomnia may reflect not only aging
but also their more impaired sleep and, presumably, change in
cognitive ability.

The interaction between age and sex on spectral EEG was
found in the frontal area. Considering the role of the frontal
lobe in sleep, emotional process, and cognition, it is noteworthy
that the age effect on frontal activity differs between men and
women with insomnia. The distinct frontal activity changes in
older women with insomnia may hint at the possibility of their
biological vulnerability related to their excessive distress from
insomnia. In previous studies, reduced power of alpha and
increased power of slow wave activity (ie, theta and delta) have

Figure 2—Group by sex interaction effects on delta (A) and alpha (B) bands in the frontal area.

Relative alpha power in the frontal area was significantly lower in the female older adult group than in their younger counterparts. **P < .01.
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been repeatedly observed after sleep loss,41–43 especially in the
frontal region.43–45 Although further study is needed to confirm
whether frontal brain activity in insomnia is related to sleep loss,
lower frontal alpha power in older women among patients with
insomnia may represent their increased susceptibility to sleep
loss. Several reports indicate that women are more biologically
susceptible to sleep loss.46,47 The increase in slow-wave sleep
after sleep deprivation was more prominent in women than in
men, suggesting that sleep debt might accumulate faster and
require a more urgent response for recovery in women than in
men.46 Older women are also more likely to develop hyper-
tension and have high cholesterol levels after sleep deprivation
than men of the same age.47 Our results further suggest that the
susceptibility to sleep deficit in women may increase with age,
according to the decreasing frontal alpha activity. This sus-
ceptibility may lead to more awareness of insomnia symptoms
and/or less tolerance of sleep disturbance in older women,
which may also underlie the higher prescription rate of sleep
aids in older female patients.9–11

This study has several limitations. First, due to the cross-
sectional design of this study, therewere limitations in assessing
the temporal link between clinical sleep parameters and quan-
titative EEG change. Second, multiple statistical comparisons
without corrections were made. Caution is needed regarding
the statistical significance and the interpretation of the results.
Third, we compared between age groups and sexes among
patients with insomnia without control patients. Therefore, we
could not define whether the difference according to age or
sex was physiologic or specific to insomnia. Finally, since
disease duration was not determined, we could not clarify if
the difference found between age groups was caused by an
accumulating effect of longer disease duration.

CONCLUSIONS

Women with insomnia showed more excessive hyperarousal
presented by elevated high-frequency power of waking EEG
compared with men. The higher incidence of insomnia in
women may be attributed to women’s predisposition to hy-
perarousal, which may also explain their tendency to interpret
their sleep as poor. An age-related difference in insomnia was
observed as well in that older patients tended to havemore sleep
disturbance and a slower DOF. Older women appeared to be
particularly distressed by insomnia, characterized by under-
rating their sleep time and increasing TIB. Clinicians should be
aware of age and sex differences in insomnia,whichmay further
impact behaviors of patients, such as staying in bed for a longer
time and seeking sleep aids.

ABBREVIATIONS

DOF, dominant occipital frequency
EEG, electroencephalography
PSQI, Pittsburgh Sleep Quality Index
SE, sleep efficiency
TIB, time in bed

TST, total sleep time
WASO, wake after sleep onset
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